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,QGXVWULDO 3URFHVVHV

%$&.*5281'� 6SDFHFUDIW IDXOW SURWHFWLRQ VRIWZDUH DV D FKDOOHQJLQJ DQG FULWLFDO V\VWHP�

$ PRGHUQ VSDFHFUDIW LV D FRPSOH[ PHFKDQLVP FRQWUROOHG E\ VRIWZDUH� 7KH FRUUHFW RSHUDWLRQ RI VXFK
VRIWZDUH FDQ EH FUXFLDO WR WKH VXFFHVV RI D VSDFHFUDIW PLVVLRQ� $ SDUWLFXODUO\ FULWLFDO DUHD LV IDXOW SURWHFWLRQ ¤

WKH PHFKDQLVP WKDW UHVSRQGV WR IDXOWV� ZKHWKHU RULJLQDWLQJ LQ KDUGZDUH RU VRIWZDUH� 'HYHORSPHQW RI IDXOW

SURWHFWLRQ LQYROYHV PDQ\ H[SHUWV� UHSUHVHQWLQJ WKH PDQ\ GLIIHUHQW DVSHFWV RI VSDFHFUDIW GHVLJQ �H�J��
QDYLJDWLRQ� SURSXOVLRQ� SRZHU�� 7KLV QHHG WR FRPELQH H[SHUWLVH IURP PXOWLSOH DUHDV� WRJHWKHU ZLWK WKH

FULWLFDO QDWXUH RI WKH UHVXOWLQJ FRPELQDWLRQ� SRVHV D IUXLWIXO EXW FKDOOHQJLQJ DUHD IRU SRWHQWLDO DSSOLFDWLRQ RI

IRUPDO PHWKRGV�

326,7,21� �3XVKEXWWRQ� DQDO\VLV YLD LQWHJUDWLRQ RI LQGXVWULDO WRROV ZLWK IRUPDO YDOLGDWLRQ�

2XU JRDO LV WR XVH WKH VDPH VSHFLILFDWLRQV IRU WKH VWDUWLQJ SRLQW RI ERWK WKH FRGH GHYHORSPHQW �ZKHWKHU

PDQXDO RU DXWRPDWHG�� DQG WKH IRUPDO DQDO\VLV� )XUWKHUPRUH� ZH DLP WR DXWRPDWH DV PXFK DV SRVVLEOH RI WKH
DQDO\VLV SURFHVV� WR PDNH LW DQ HDV\�WR�DSSO\� �SXVKEXWWRQ� OLNH DFWLYLW\� 7RZDUGV WKLV HQG� ZH DUH

LQWHJUDWLQJ DQ LQGXVWULDO WRRO �5DWLRQDO 5RVH� D 80/ WRRO� ZLWK D IRUPDO

PHWKRGV WRRO �63,1� D PRGHO FKHFNHU GHYHORSHG E\ *HUDUG +RO]PDQQ RI $7	7�� ,Q SDUWLFXODU� ZH DUH
GHYHORSLQJ DQ DXWRPDWLF WUDQVODWRU IURP 5DWLRQDO 5RVH 6WDWHFKDUWV WR 3URPHOD �WKH LQSXW ODQJXDJH RI 63,1��

7KLV LV LQVSLUHG E\ WKH ZRUN RI (ULFK 0LNN HW DO�� EHLQJ UHSRUWHG LQ WKLV VDPH ZRUNVKRS ��,PSOHPHQWLQJ

6WDWHFKDUWV LQ 3URPHOD�63,1� (ULFK 0LNN� <DVVLQH /DNKQHFK� 0LFKDHO 6LHJHO� *HUDUG -� +RO]PDQQ�� :H

LQWHQG WR XVH WKLV WUDQVODWRU WR FRQYHUW VWDWHFKDUW
GHVFULSWLRQV RI IDXOW SURWHFWLRQ GHVLJQV LQWR 3URPHOD� DQG DSSO\ 63,1 WR FKHFN FUXFLDO SURSHUWLHV RI WKRVH

GHVLJQV�

5$7,21$/(� 2XU UHDVRQV IRU WDNLQJ WKLV DSSURDFK�

� DFFHSWDQFH RI VWDWHFKDUW QRWDWLRQ� RXU H[SHULHQFH VXJJHVWV WKDW VWDWHFKDUWV DUH UHDGLO\ DGRSWHG� ([SHUWV

IURP PXOWLSOH DUHDV DUH ZLOOLQJ DQG DEOH WR XVH WKHP DV DQ DJUHHG�XSRQ QRWDWLRQ IRU H[SUHVVLRQ DQG

WUDQVIHU RI NQRZOHGJH�
� ULJRU DQG H[SUHVVLYLW\ RI VWDWHFKDUW QRWDWLRQ� ZH KDYH VHHQ VWDWHFKDUWV XVHG WR GHVFULEH D VSDFHFUDIW
V

IDXOW SURWHFWLRQ PHFKDQLVP� 7KHVH VSHFLILFDWLRQV DUH ULJRURXV DQG GHWDLOHG HQRXJK WR VHUYH DV WKH

VWDUWLQJ SRLQW IRU ERWK GHYHORSPHQW RI WKH IDXOW SURWHFWLRQ VRIWZDUH� DQG YDOLGDWLRQ RI FUXFLDO SURSHUWLHV
RI WKH GHVLJQ�

� JRRG PDWFK ZLWK D IUXLWIXO DQDO\VLV PHWKRG� ILQLWH�VWDWH H[SORUDWLRQ WHFKQLTXHV �VRPH IODYRUV RI ZKLFK

DUH FDOOHG �PRGHO FKHFNLQJ�� DUH ZHOO�VXLWHG WR YDOLGDWLQJ SURSHUWLHV RI PRGHUDWHO\ FRPSOH[ FRQFXUUHQW
VWDWH PDFKLQHV� 2XU FROOHDJXHV KDYH VXFFHVVIXOO\ IROORZHG WKLV DSSURDFK RQ IDXOW�SURWHFWLRQ VRIWZDUH

>�@�

� DXWRPDWDELOLW\ RI DSSURDFK� ZH DUH FRQILGHQW WKDW WKH ZKROH DSSURDFK FDQ EH KLJKO\ DXWRPDWHG� 7KH

WUDQVODWLRQ IURP VWDWHFKDUWV LQWR 3URPHOD �63,1
V LQSXW ODQJXDJH� DSSHDUV DXWRPDWDEOH� 63,1 LWVHOI LV
DXWRPDWLF� WKH UHVXOWV IURP DQDO\VLV DUH HDV\ WR UHQGHU LQ D FRPSUHKHQGDEOH PDQQHU�



&+$//(1*(6 $1' ,03/,&$7,216� &KDOOHQJHV ZH KDYH HQFRXQWHUHG� DQG WKHLU LPSOLFDWLRQV�

&KDOOHQJHV�
� VXEVHW RI VWDWHFKDUWV� WKH IXOO H[WHQW RI VWDWHFKDUW QRWDWLRQ LV FKDOOHQJLQJ WR XQGHUVWDQG DQG KDQGOH�

)RUWXQDWHO\� RXU VSHFLILF DSSOLFDWLRQ �IDXOW SURWHFWLRQ VSHFLILFDWLRQV H[SUHVVHG LQ VWDWHFKDUWV� HPSOR\V

RQO\ D VXEVHW RI VWDWHFKDUW QRWDWLRQ� ,QGHHG� WKH VSDFHFUDIW H[SHUWV GHOLEHUDWHO\ UHVWULFW WKHPVHOYHV WR D
QRWDWLRQDO VXEVHW VR DV WR HPHUJH ZLWK GHVLJQ GRFXPHQWDWLRQ WKDW LV FOHDUO\ DQG HDVLO\ FRPSUHKHQGHG�

*XLGHG E\ WKHVH QHHGV� ZH DUH GHYHORSLQJ WKH WUDQVODWLRQ WRRO WR ILUVW KDQGOH WKH VXEVHW RI VWDWHFKDUW

QRWDWLRQV XVHG LQ WKDW DSSOLFDWLRQ� )RU H[DPSOH� RXU DSSOLFDWLRQ
V VWDWHFKDUWV GR QRW PDNH XVH RI
FRQFXUUHQW VXEVWDWHV �DOWKRXJK WKHUH DUH PXOWLSOH VWDWHFKDUWV� FRUUHVSRQGLQJ WR FRQFXUUHQW VWDWH

PDFKLQHV�� VR ZH KDYH QRW \HW DGGUHVVHG WKLV VWDWHFKDUW FDSDELOLW\� ,Q JHQHUDO� ZH H[SHFW WKDW RXU

WUDQVODWLRQ WRRO FDQ EH VPRRWKO\ H[WHQGHG WR KDQGOH WKHVH RPLWWHG FDSDELOLWLHV�
� VXSHUVHW RI VWDWHFKDUWV� WKH DXWKRUV RI WKH VWDWHFKDUWV ZH ZLVK WR KDQGOH KDYH XVHG VRPH PXWXDOO\�DJUHHG

XSRQ FRQYHQWLRQV ZKLFK H[WHQG WKH VWDQGDUG VHPDQWLFV RI VWDWHFKDUWV� $JDLQ� GULYHQ E\ WKH QHHGV RI RXU

VSHFLILF DSSOLFDWLRQ� ZH DUH LQFRUSRUDWLQJ WKHVH H[WHQVLRQV LQWR RXU WUDQVODWRU�

,PSOLFDWLRQV�
� FXUUHQW FDSDELOLWLHV RI RXU WUDQVODWRU� 7R GDWH� WKH PDMRU FDSDELOLWLHV RI RXU WUDQVODWRU WRRO DUH� PXOWLSOH

VWDWHFKDUWV� QHVWHG VWDWHV� JXDUG FRQGLWLRQV� HYHQWV DQG DFWLRQV RQ WUDQVLWLRQV� DFWLRQV RQ HQWU\ LQWR DQG

H[LW IURP VWDWHV� VLPSOH �GR� DFWLRQV LQ VWDWHV �FRUUHVSRQGLQJ WR WKH LQYRFDWLRQ RI DQ HQWLUH VWDWHFKDUW��
7KH PDMRU RPLVVLRQV DUH FRQFXUUHQW VXEVWDWHV� KLVWRU\� UHDO WLPH� ZH UHTXLUH DFWLRQV EH ZULWWHQ LQ

3URPHOD �H�J�� YDULDEOH DVVLJQPHQWV� TXHXH RSHUDWLRQV��

� VWUXFWXUH WKH WUDQVODWRU WRRO� ZH ZRXOG OLNH WR VWUXFWXUH RXU WUDQVODWRU WRRO LWVHOI VR DV WR PDNH LW UHDGLO\
H[WHQVLEOH DQG FXVWRPL]DEOH� :H DUH YLHZLQJ RXU WUDQVODWRU WRRO DV DQ LQVWDQFH RI D FRGH JHQHUDWRU WRRO

�HYHQ WKRXJK LW JHQHUDWHV VRPHWKLQJ LQWHQGHG IRU DQDO\VLV� QRW H[HFXWLRQ�� :H KDYH LGHDV RQ KRZ WR

RUJDQL]H FRGH JHQHUDWLRQ DV D GDWDIORZ�OLNH SURFHVV� ZKLFK ZLOO� ZH KRSH� JLYH LW WKH IOH[LELOLW\ ZH

GHVLUH� +RZ GR RWKHU SHRSOH DGGUHVV WKLV LVVXH"
� VKDULQJ RI WUDQVODWLRQ FDSDELOLWLHV� LW ZRXOG EH QLFH WR EH DEOH WR PDNH XVH RI SLHFHV RI RWKHU SHRSOH
V

WUDQVODWLRQ WRROV� )RU H[DPSOH� LI (ULFK 0LNN
V 02&(6 WRRO KDQGOHV WUDQVODWLRQ RI FRQFXUUHQW VXEVWDWHV�

FRXOG ZH LQFRUSRUDWH WKDW SRUWLRQ RI KLV WRRO" 6KDULQJ DFWXDO FRGH LV SHUKDSV WRR PXFK WR KRSH IRU� EXW
ZH ZRXOG FHUWDLQO\ KRSH WR EH DEOH WR VKDUH DSSURDFKHV DQG VROXWLRQV� $W WKH YHU\ OHDVW� ZH ZRXOG OLNH

WR NQRZ ZKDW RWKHU HIIRUWV DORQJ WKHVH OLQHV DUH XQGHUZD\�

� QHHG IRU DXWRPDWHG DEVWUDFWLRQ� LW LV SUREDEOH WKDW ZH ZLOO QHHG VRPH DXWRPDWHG DEVWUDFWLRQ WR KHOS

UHGXFH WKH FRPSOH[LW\ RI WKH ILQLWH VWDWH PDFKLQHV WR WUDFWDEOH OHYHOV� :H DUH DZDUH RI VRPH ZRUN
WRZDUGV DXWRPDWHG DEVWUDFWLRQ DV D SUHOXGH WR PRGHO FKHFNLQJ �H�J�� >�@�� $JDLQ� ZH ZRXOG OLNH WR

NQRZ ZKDW ZRUN LV JRLQJ RQ LQ WKLV DUHD� DQG� LGHDOO\� ILQG D ZD\ WR PDNH XVH RI WKH HPHUJLQJ UHVXOWV�
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>�@ )� 6FKQHLGHU� 6�0� (DVWHUEURRN� -�5� &DOODKDQ 	 *�-�+RO]PDQQ� �9DOLGDWLQJ 5HTXLUHPHQWV IRU )DXOW

7ROHUDQW 6\VWHPV XVLQJ 0RGHO &KHFNLQJ�� ,QWHUQDWLRQDO &RQIHUHQFH RQ 5HTXLUHPHQWV (QJLQHHULQJ� �����

>�@ &� +HLWPH\HU� -� .LUE\ 	 %� /DEDZ� �$SSO\LQJ WKH 6&5 5HTXLUHPHQWV 0HWKRG WR D :HDSRQV &RQWURO
3DQHO� $Q ([SHULHQFH 5HSRUW�� �QG :RUNVKRS RQ )RUPDO 0HWKRGV LQ 6RIWZDUH 3UDFWLFH� �����

$&.12:/('*0(17� 7KH UHVHDUFK GHVFULEHG LQ WKLV SDSHU ZDV FDUULHG RXW E\ WKH -HW 3URSXOVLRQ

/DERUDWRU\� &DOLIRUQLD ,QVWLWXWH RI 7HFKQRORJ\� XQGHU D FRQWUDFW ZLWK WKH 1DWLRQDO $HURQDXWLFV DQG 6SDFH

$GPLQLVWUDWLRQ�


